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1
DUAL DISPLAY CT SCANNER USER
INTERFACE

BACKGROUND OF THE INVENTION

Embodiments of the invention relate generally to com-
puted tomography (CT) imaging and, more particularly, to a
CT user interface configured to enable multi-tasking work-
flow, collaboration, multiple throughput use cases, and con-
sistency in scan quality.

Typically, in computed tomography (CT) imaging sys-
tems, an x-ray source emits a fan-shaped beam toward a
subject or object, such as a patient or a piece of luggage. The
beam, after being attenuated by the subject, impinges upon an
array of radiation detectors. The intensity of the attenuated
beam radiation received at the detector array is typically
dependent upon the attenuation of the x-ray beam by the
subject. Each detector element of the detector array produces
a separate electrical signal indicative of the attenuated beam
received by each detector element. The electrical signals are
transmitted to a data processing system for analysis which
ultimately produces an image.

Generally, the x-ray source and the detector array are
rotated about the gantry within an imaging plane and around
the subject. X-ray sources typically include x-ray tubes,
which emit the x-ray beam at a focal point. X-ray detectors
typically include a collimator for collimating x-ray beams
received at the detector, a scintillator for converting x-rays to
light energy adjacent the collimator, and photodiodes for
receiving the light energy from the adjacent scintillator and
producing electrical signals therefrom. The outputs of the
photodiodes are then transmitted to the data processing sys-
tem for image reconstruction.

Itis well recognized that CT scanner technology is growing
increasingly complex and capable as innovations in electron-
ics, computing, and imaging physics enable both new clinical
applications and bring what were considered boutique and
difficult CT examinations into the realm of a routine case. In
keeping with such advancements in CT scanner technology,
the design of CT scanner user interfaces has also evolved in
order to add new capabilities addressing such new clinical
applications. However, in evolving to keep pace with
advances in technology, little thought has been given to CT
scanner user interface design with respect to addressing
actual working conditions and customer needs. Accordingly,
existing CT scanner Ul designs posses a linear, sequential
architecture, and become consumed with system tasks, such
as post-processing, thereby causing long bottlenecks that
reduces the overall efficiency of the CT scanner. Existing CT
scanner Ul designs also fail to properly identify the users
involved at different points in the patient experience with a
CT study and lack a clear presentation and prioritized design
framework supporting the fundamental workflow of a patient
CT exam, which progresses as: Setup Exam>Customize
Preferences>Adjust for Patient>Capture & Evaluate>Create
Final Images>Finish.

Therefore, it would be desirable to design a CT scanner Ul
that addresses issues including multi-tasking workflow, col-
laboration, multiple throughput use cases, and consistency in
scan quality.

BRIEF DESCRIPTION OF THE INVENTION

Embodiments of the invention are directed to a CT user
interface configured to enable multi-tasking worktlow, col-
laboration, multiple throughput use cases, and consistency in
scan quality.
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In accordance with one aspect of the invention, a user
interface for a CT imaging system includes a first display
configured to enable an operator to perform set-up and scan-
ning tasks associated with performing a CT exam on one or
more patients, with the set-up and scanning tasks including
acquiring and verifying scan image data. The user interface
also includes a second display configured to enable the opera-
tor to perform image post-processing tasks associated with
the CT exams on the one or more patients, with the image
post-processing tasks including performing image recon-
structions and reformats. Each of the first display and the
second display are operable independent from one another to
provide for parallel workflows between the first display and
second display and between the patient set-up and scanning
tasks and the post-processing tasks.

In accordance with another aspect of the invention, a user
interface for a CT imaging system includes a first display
configured to enable an operator to perform set-up and scan-
ning tasks associated with performing a CT exam on one or
more patients and a second display configured to enable the
operator to perform image post-processing tasks associated
with the CT exams on the one or more patients. Each of the
first display and the second display are configured to display
aplurality of distinct display zones thereon, with the plurality
of display zones including a tabs zone on the first display
comprising a plurality of tabs each directed to a distinct
subject, wherein selection of one of the plurality of tabs by the
operator causes subject specific and scan specific information
to be displayed on the first and second displays. The plurality
of display zones also includes a task list zone on the first
display that is configured to display all steps in a CT scan for
a subject selected via a tab in the tabs zone and enable opera-
tor selection of a particular step, settings and scanning zones
on the first display that are configured to display the subject
specific and scan specific information for a respective subject
whose tab is selected and a respective step selected in the task
list zone, and a post-processing zone on the second display
that is configured to enable the operator to manage post-
processing set-up, monitoring, and transferring tasks fora CT
scan that has been performed. The plurality of distinct display
zones on the first and second displays enable the operator to
perform workflows on multiple subjects and enable simulta-
neous usage of the first display and the second display by
multiple operators.

In accordance with yet another aspect of the invention, a
CT imaging system includes a rotatable gantry having a gan-
try opening to receive a subject to be scanned, a high fre-
quency electromagnetic energy projection source configured
to project a high frequency electromagnetic energy beam
toward the subject, a detector array configured to detect high
frequency electromagnetic energy passing through the sub-
ject and generate a detector output responsive thereto, a data
acquisition system (DAS) connected to the detector array and
configured to receive the detector output, and an image recon-
structor connected to the DAS and configured to reconstruct
one or more images of the subject from the detector output
received by the DAS. The CT imaging system also includes a
user interface configured to be usable by an operator to set
scan related parameters and perform scan related tasks and
observe the one or more reconstructed images generated by
the image reconstructor, with the user interface further
including a first display configured to enable the operator to
perform set-up and scanning tasks for one or more patients
including acquiring and verifying scan image data and a
second display configured to enable the operator to perform
image post-processing tasks including reconstructions and
reformats. Each of the first display and the second display are
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configured to display a plurality of distinct display zones
thereon, with each of the plurality of display zones being
dedicated to a specified task associated with a CT scanning
process of the subjects.

Various other features and advantages will be made appar-
ent from the following detailed description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate preferred embodiments presently
contemplated for carrying out the invention.

In the drawings:

FIG. 1 is a pictorial view of a CT imaging system.

FIG. 2 is a block schematic diagram of the CT imaging
system illustrated in FIG. 1.

FIG. 3 is an illustration of a dual display user interface of
the CT imaging system illustrated in FIG. 1.

FIG. 4 is an illustration of a patient scheduler zone on the
dual display user interface of FIG. 3.

FIG. 5 is an illustration of a tabs zone on the dual display
user interface of FIG. 3.

FIG. 6 is an illustration of an exam set-up and protocol zone
on the dual display user interface of FIG. 3.

FIG. 7 is an illustration of a patient area zone on the dual
display user interface of FIG. 3.

FIG. 8 is an illustration of a task zone on the dual display
user interface of FIG. 3.

FIGS. 9 and 10 are illustrations of a scout zone on the dual
display user interface of FIG. 3.

FIG. 11 is an illustration of a settings zone and a dose area
zone on the dual display user interface of FIG. 3.

FIG. 12 is a detailed view of the settings zone of FIG. 11.

FIG.13 is an illustration of an alert on the dose area zone of
FIG. 11.

FIG. 14 is an illustration of a scanning zone and viewports
zone on the dual display user interface of FIG. 3.

FIG. 15 is an illustration of an expanded viewport in the
viewports zone of FIG. 14.

FIG. 16 is an illustration of a post-processing zone, status
zone, and viewports zone on the dual display user interface of
FIG. 3.

FIGS. 17A-17C are illustrations of an Edit Settings Panel,
DPMR application, and AW application, for selective display
in a portion of the post-processing zone of FIG. 16.

FIG. 18 is an illustration of a file manager zone on the dual
display user interface of FIG. 3.

FIG. 19 is an illustration of a contrast monitoring zone on
the dual display user interface of FIG. 3.

FIGS. 20 and 21 are illustrations of a cardiac zone on the
dual display user interface of FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The operating environment of the invention is described
with respect to a sixty-four-slice computed tomography (CT)
system. However, it will be appreciated by those skilled in the
art that the invention is equally applicable for use with other
multi-slice configurations. Moreover, the invention will be
described with respect to the detection and conversion of
x-rays. However, one skilled in the art will further appreciate
that the invention is equally applicable for the detection and
conversion of other high frequency electromagnetic energy.
The invention will be described with respect to a “third gen-
eration” CT scanner, but is equally applicable with other CT
systems.
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Referring to FIG. 1, a computed tomography (CT) imaging
system 10 is shown as including a gantry 12 representative of
a “third generation” CT scanner. Gantry 12 has an x-ray
source 14 that projects a beam of x-rays toward a detector
assembly or collimator 18 on the opposite side of the gantry
12. Referring now to FIG. 2, detector assembly 18 is formed
by a plurality of detectors 20 and data acquisition systems
(DAS) 32. The plurality of detectors 20 sense the projected
x-rays 16 that pass through a medical patient 22, and DAS 32
converts the data to digital signals for subsequent processing.
Each detector 20 produces an analog electrical signal that
represents the intensity of an impinging x-ray beam and
hence the attenuated beam as it passes through the patient 22.
During a scan to acquire x-ray projection data, gantry 12 and
the components mounted thereon rotate about a center of
rotation 24.

Rotation of gantry 12 and the operation of x-ray source 14
are governed by a control mechanism 26 of CT system 10.
Control mechanism 26 includes an x-ray controller 28 that
provides power and timing signals to an x-ray source 14 and
a gantry motor controller 30 that controls the rotational speed
and position of gantry 12. An image reconstructor 34 receives
sampled and digitized x-ray data from DAS 32 and performs
high speed reconstruction. The reconstructed image is
applied as an input to a computer 36 which stores the image in
a mass storage device 38.

Computer 36 also receives commands and scanning
parameters from an operator via console 40 and user interface
42, with the console and user interface having some form of
operator interface, such as a keyboard, mouse, voice activated
controller, or any other suitable input apparatus and displays
that allow the operator to set scan parameters and observe the
reconstructed image and other data from computer 36. The
operator supplied commands and parameters are used by
computer 36 to provide control signals and information to
DAS 32, x-ray controller 28 and gantry motor controller 30.
In addition, computer 36 operates a table motor controller 44
which controls a motorized table 46 to position patient 22 and
gantry 12. Particularly, table 46 moves patients 22 through a
gantry opening 48 of FIG. 1 in whole or in part.

Referring now to FIG. 3, user interface 42 is shown in more
detail according to an exemplary embodiment of the inven-
tion. The user interface 42 is configured as a dual display user
interface that includes a left display 44 and a right display 46.
Theleft display 44 is dedicated to setting up a new patient and
scanning, which includes setting-up a new patient to scan and
acquiring and verifying the scan image data. The right display
46 is dedicated to post-processing, viewing, and management
of'previously done exams and serves as a dashboard of recon-
structions and reformats that the technologist can glance at to
determine and verify what processes are configured, started,
need attention, completed, or have been transferred. The dis-
tinct left and right displays 44, 46 beneficially allow for
components needed to complete a task (whether acquiring a
Scout or Reformatting images, for example) to be grouped
together and kept on one display, so as to display useful
information at the right time in the right place. Additionally,
the distinct left and right displays 44, 46 enable collaboration
between a technician and other colleagues, as these interven-
ing colleagues can use the right display to view images while
allowing the technologist to proceed with her scanning on the
left display, for example. The user interface 42 thus provides
a departure from the linear, sequential architecture of typical
prior art user interfaces, enabling multi-tasking and collabo-
ration between personnel, while still providing a clear navi-
gation structure with tools and components at each step that
direct, guide, and support technologists throughout an exam
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and providing the flexibility to accommodate situational fac-
tors such inserting an emergency scan or receiving a phone
call from a radiologist requiring additional images.

As shown in FIG. 3, each of the left and right displays 44,
46 includes a plurality of clearly defined spatial zones, with
each spatial zone having a unique identity to provide a con-
sistent place for a technologist to perform specific steps. The
defined spatial zones on the left and right displays 44, 46
include: a patient scheduler zone 50, a tabs zone 52, a patient
area zone 54, a task list zone 56, a scout/settings/scanning
zone 58, a dose area zone 60, viewport zones 62, a post-
processing zone 64, a status zone 66, and a file manager zone
68. The design and layout of the zones 50-68 is based upon an
understanding of the functional and emotional needs of tech-
nologists, with the positioning/arrangement of the zones
50-68 functioning to organize workflow activities within
logical groupings on the left and right head displays so as to
help technologists focus on a particular task and alleviating
multitasking constraints. The architecture of user interface 42
and layout of the zones 50-68 support this focused attention
and provide only the necessary tools and views that the tech-
nologist needs in order to perform certain activities, with
unnecessary general user interface elements retreating to the
background to simplify the user interface presented to the
technologist.

Referring to FIG. 4, the patient scheduler zone 50 is shown
in greater detail. The patient scheduler zone 50 is one of two
“drawers” (the other is the file manager zone 68) within the
user interface 42 that are consistently present in either a
closed or open state. The patient scheduler zone 50 is located
on the left display 44 and is anchored to the left side of the left
display 44. As shown in FI1G. 4, the patient scheduler zone 50
is expandable to an open state from the closed state to provide
access to the data contained therein. Because the patient
scheduler zone 50 is a feature associated with the display as a
whole, and not a particular exam, it exists on a higher layer
than any tabs in the tabs zone 52 that may be open. Access to
the patient scheduler zone 50 is available at any point, quickly
handling unexpected situations or checking on upcoming
patients, to the technologist. Tasks enabled by the patient
scheduler zone 50 are some of the first steps in any workflow,
thus it is found on the left side of the left display 44 in order
to reinforce the left-to-right workflow concept embodied by
the architecture of CT user interface 42.

As shown in F1G. 4, the patient scheduler zone 50 includes
a list of patients 70 that previously have been entered into the
user interface 42 ofthe CT system. The patient scheduler zone
50 is used in different ways depending on the scanning insti-
tution. For this reason, columns of information corresponding
to the patient list 70 can be sorted according to any of the
following columns by clicking on their column header: Name
72, Patient ID 74, Accession No. 76, Exam 78, Date 80, Time
82, or Status 84. Additional features within the patient sched-
uler zone 50 include a Context Menu 86 that includes sec-
ondary functions such as “Add patient,” “Delete all,” “Pref-
erences,” and “Remove all completed exams” that are needed
less frequently and therefore do not need to be visible at all
times. Info Icons 88 can also be included in the patient sched-
uler zone 50 that display additional detailed information
about the patient or the exam when clicked on, along with a
Delete feature 90 to remove a patient from the Scheduler list
when clicked, and a “Select Patient” button 92 that functions
to create anew exam tab in tabs zone 52 (FIG. 3), as explained
below, by double-clicking a patient name or highlighting a
patient within the Scheduler list 70 and clicking the “Select
Patient” button 92.
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Referring now to FIG. 5, the tabs zone 52 is shown in
greater detail. The tabs zone 52 in the user interface 42 intro-
duces a flexible method of handling multiple patients (only
one of which, however, can be “on the table” at any time),
keeping patient information separate, and allowing a tech-
nologist to maintain control over what activities he or she
would like to perform. Individual tabs 94 in the tabs zone 52
serve as a wrapper, containing both exam and patient specific
information. The user interface architecture is designed to
support multiple tabs 94, allowing a technologist to switch
between exam activities, and supporting a multitasking work-
flow. Any selected tab 94 will span across both the left and
right displays 44, 46. The structure of tabs zone 52 is highly
efficient in handling patient surges or alternative scheduling
methods, such as scanning patients back-to-back for long
periods with the ability to easily return to post-processing at
a later time.

Tabs 94 in the tabs zone 52 are ordered chronologically
from left to right within the tabs zone. The tabs 94 appear
starting at the top of the left display 44, with the most recently
created tab 94 beginning on the far left-hand side. Within their
chronological order, tabs 94 fall within three distinct clusters
that communicate different phases of the workflow, including
NotYet Scanned 96, On the Table 98, and Done Scanning 100,
with the clusters 96, 98, 100 being spatially separated from
one another. The color of each tab 94 is also controlled to
indicate the status of the exam it represents, with an exem-
plary color coding scheme being set forth below regarding
various status indications while recognizing that other appro-
priate color coding schemes could also be implemented. For
example, a white tab is a tab 94 currently selected and corre-
sponds to the visible settings and viewports. This status shows
which tab 94 a technologist is currently working within and is
used in all tab clusters. There can only be one selected tab 94
at a time. When a tab 94 is selected, the white background
replaces the current visual style (applies to all tabs). When the
tab 94 is deselected (e.g., another tab 94 is selected), it is
restored to the appropriate visual style. A gray background on
atab 94 communicates that there is nothing in the background
being processed and that no particular action is required of the
technologist. The gray background is considered a generic or
neutral state and is used for all tabs 94 in the Not Yet Scanned
cluster 96 and any tab 94 in the Done Scanning cluster 100 in
which all required post-processing and data transfers have
been completed. A tab 94 with a gray background and no
name communicates that a tab 94 has been created but that the
patient information and a protocol selection have not been
completed, with such a tab status only being used only within
the Not Yet Scanned cluster 96. A blue background on a tab 94
indicates the tab for the patient currently on the table, and thus
this status is used only within the On the Table cluster 98.
Since the currently selected tab 94 is always white, the blue
background style is only seen when there is a tab 94 in the On
the Table cluster 98, but a different tab 94 is selected. This is
an additional method of communicating the uniqueness of
this tab 94, along with the spatial separation of the On the
Table cluster 98. The purpose of these unique visual difter-
entiators is to reduce error and cognitive load when returning
to the patient who is on the table. Gray diagonal lines on a tab
communicate that image processing or file transfers are cur-
rently being performed and thus this status is used only within
the Done Scanning cluster 100. Orange diagonal lines on a tab
communicate that image processing is done, but that required
Manual Reformats need a technologist’s input and thus this
status is used only within the Done Scanning cluster 100. A
red background on a tab communicates that there has been an
error that needs a technologist’s acknowledgement or input,
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with the red color slowly pulsating to get a technologist’s
attention, but not be too distracting while they complete tasks
in the currently selected tab. The red background status can
potentially be used in any tab cluster.

Referring now to FIG. 6, upon a command by the techni-
cian to create a new patient record or upon selection by the
technician of an existing patient record that has not yet had
information entered therein, either via the patient scheduler
zone 50 or the tabs zone 52, an exam setup and protocol select
area 102 is caused to appear related to the selected patient.
The exam setup and protocol select area is presented on left
display 44 and can extend down from a selected tab 94, for
example, so as to be seen as corresponding to that tab 94. The
exam setup and protocol select area 102 includes a patient
information section 104 therein setting forth details regarding
the specific patient, and also includes a plurality of protocol
selection areas including: an anatomy selector/protocol filter-
ing area 106, a protocol notes area 108, a protocol list area
110, a selected protocols area 112, and a smart type/find
search area 114.

The anatomy selector/protocol filtering area 106 provides
for selection of' a particular portion of the anatomy that will be
scanned by way of an illustrated anatomy present therein. The
anatomy selector/protocol filtering area 106 also provides for
selection of a particular protocol that will be followed for
performing a scan on the patient, with a desired protocol
being selected from a menu of favorite protocols and a menu
of other protocols that are displayed therein, as well as being
displayed in the protocol list area 110. Alternatively, a par-
ticular protocol can be selected by typing search term(s) into
the smart type/find search area 114, with such a search having
an auto-complete type feature (e.g., Google search) that pro-
vides possible suggested protocols to the technician. In evalu-
ating protocols for selection, the technologist can reference
the protocol notes area 108 to obtain more information on
each particular protocol that is being evaluated.

As shown in FIG. 6, any protocols that are selected by the
technician are shown in the selected protocols area 112 of the
exam setup and protocol select area 102. The technician is
thus able to review a list of all protocols that have been
selected for performing on the patient and can click on an
“Accept” button 116 in the selected protocols area 112 in
order to confirm the selection of these protocols.

Any protocols that are selected and confirmed by a techni-
cian will appear in the patient area zone 54, which is shown in
greater detail in FIG. 7. The patient area zone 54 encapsulates
patient specific information at the exam level. The two main
components within the patient area zone 54 are a patient
illustration 118 and a patient collection 120. The patient/
scanner illustration 118 in the upper left corner of the patient
area zone 54 communicates six distinct pieces of information:
Patient Name, Patient ID, Exam Number, Patient Position and
Orientation, Anatomy selection (based on protocol(s)), and
Gantry Orientation. The patient name is shown in the top right
corner underneath the “SCANNING” label.

When a technician working on the user interface hovers the
mouse cursor over the illustration 118, controls appear to
indicate the possibility of changing the position and orienta-
tion ofthe patient. There are two possible gantry positions the
illustration supports: facing away to the right and to the left.
The appropriate orientation is set to reflect the actual physical
orientation of the scanner. Having the orientation of the
physical and the digital representation match should avoid
any confusion when setting up the orientation of the patient.
Areas of the anatomy covered by the selected protocols for
the exam appear highlighted in the illustration 118, such as
the Chest, Abdomen and Pelvis highlighted on patient illus-
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tration 118 in FIG. 7. These are the same highlighted areas
that the technologist will see in the anatomy selector/protocol
filtering area 106 of the exam setup and protocol select area
102 before creating the exam. A technologist should be able
to clearly see if there is a part of the anatomy being scanned
that should not be by examining the patient area zone 54.

The patient collection 120 contains settings for Landmark
Reference, Patient Orientation, Patient Position, Auto-Voice
Language, and Clinical Application Identifier. As shown in
FIG. 7, the patient collection 120 is in an opened/expanded
position so as to reveal the individual settings; however, the
patient collection 120 can also be closed/collapsed to mini-
mize the display of the collection.

Appearing directly below the patient area zone 54 on the
left display of the user interface 42 is the task list zone 56,
which is illustrated in more detail in FIG. 8. The task list zone
56 of the user interface allows technologists to easily preview
all steps prior to scanning. This visualization of all the steps in
the scanning process gives technologists an opportunity to
prepare, plan, and optimize the exam. This means that the
technologist does not have to stop between each scan to adjust
settings, allowing her to scan in quicker succession. The task
list zone 56 helps guide the technologist through the process,
increasing confidence, speed and patient safety.

At the highest level of the task list zone 56 are two main
step or element types, in the form of Series steps 122 and a
Dose Report step 124. Each of these main steps can contain
sub-steps that will be visible when opened. Prior to and dur-
ing the scanning of a patient, the Series steps 122 are visible
in the task list zone 56, whereas the Dose Report step 124 is
not present before or during scanning. In FIG. 8, as an
example, three Series steps 122 are shown in the task list zone
56, with an opened Scout Series, an Abdomen (Abd) Series,
and a Chest/Abd/Pelvis Series.

With respect to the Dose Report step 124, the Dose Report
is the final step in the exam and is used to provide a dose
summary. The Dose Report 124 appears once all prior Series
steps 122 in the task list 56 have been completed or when a
Continue and/or Done Scanning button 126 is pressed. If a
step is added to the end of the task list 56 after the last step has
already been completed, then the Dose Report 124 disappears
until the newly added step has been completed or removed.
The Dose Report 124 is displayed prominently and in large
text in the task list zone 56 in order to facilitate reading this
report at a distance, such as by technologists entering Dose
Report information into another system across the room from
the console.

With respect to the Series steps 122, a Series is defined as
a collection of settings that are scanned together. Each Series
step 122 is displayed in the task list zone 56, with each Series
step including at least one Group sub-step (at minimum) 128
and one Scan sub-step 130. Each Series 122 has the potential
to consist of a plurality of Groups 128 and a Scan step, with a
Contrast step (not shown) also being included as required by
the particular scan type. Each Group sub-step 128 is a collec-
tion of settings that is conceptually the same. The Contrast
step looks like a Group step and can be clicked at any time.
There can only be one Contrast step within each Series and it
will always be the last step before the Scan step. The Scan
sub-step 130 is always present and is always the last sub-step
within a Series 122. To proceed to the Scan sub-step 130, all
Group sub-steps 128 and the Contrast step (if present) must be
confirmed. At that point, the system will automatically pro-
ceed to the Scan sub-step 130.

Each Series 122 can be displayed in one of a number of
states to indicate to a technician the present state of that
Series. The number of states includes: Not Yet Scanned,
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Open, Confirmed, and Completed. When a Series 122 is in an
Open state, the Group sub-steps 128 and the Scan sub-step
130 are displayed. Each Series 122, and the Group sub-steps
128 included therein, can be placed into a Confirmed state via
an affirmative confirmation by the technician that the steps are
ready to perform. Indication of such a Confirmed state can be
by way of a checkmark 132 placed to the right of the Series
and/or Group sub-steps. Upon completion of'a Series 122, the
Series can then be marked complete to indicate that the Series
is finished.

Referring to FIGS. 9 and 10, an exemplary Scout Series
step 134 is shown according to an embodiment of the inven-
tion. As its name suggests, a Scout Series 134 is used to
acquire Scout images. A Scout Series 134 always contains a
Settings sub-step 136 as well as a Scan sub-step 138. The task
list zone 56 can contain multiple Scout steps, which can be
placed anywhere in the list of Series steps to be performed.
For example, if there are two Scout steps, a technologist has
the flexibility to either acquire both dual Scouts upfront or one
dual Scout before the first Series step (e.g., Abdomen Series)
and the second dual Scout before the second Series step (e.g.,
Chest/Abd/Pelvis Series). All Scout steps associated with all
chosen protocols will be added to the task list zone 56. Addi-
tional Scout steps can be added or removed as desired.

In the example illustrated in FIGS. 9 and 10, two Scout
Groups are included within the Scout Series 134, Scout 1
(A/P) 140 and Scout 2 (Lateral) 142. As shown in FIG. 9,
when the Settings sub-step 136 is selected by the technician,
the task list zone 56 is expanded to reveal a scout zone 144 that
enables the prescribing of the two Scout scans 140, 142. In the
scout zone 144, all Scout settings for each Group 140, 142 are
displayed in the open settings collection state aligned beneath
the Group title at the top of each of a pair of settings columns
146. A settings column 146 is presented for each Scout scan
to allow the technician to individually change any unlocked
settings in a Scout Group 140, 142 or make a global change to
all Groups. A “Confirm Settings” button 148 is provided in
scout zone 144 below the settings columns 146. Settings for
both Scout Scan Groups 140, 142 are approved by clicking on
the “Confirm Settings” button 148.

Also included in the scout zone 144 is a timeline 150 for the
Scout series acquisition, with the timeline 150 consisting of a
number of scan sections 152, 154 that are equal to the number
of scout scan groups 140, 142. A Scout scan is represented
within the timeline 150 as thin constant bars running the
entire length of the timeline. According to one embodiment, if
the two Scout steps 140, 142 in the Scout series 134 are being
performed back-to-back, a delay is automatically created and
inserted between the two scan sections allowing enough time
for the table to return to its original position to acquire the
second Scout scan.

Referring now to FIG. 10, upon clicking on the “Confirm
Settings” button 148 (FIG. 9), the user interface 142 then
proceeds to the Scan sub-step 138 of the Scout Series 134 for
performing of the Scout series scans. When the two scout
scans 140, 142 are acquired, viewports 156, 158 (in viewport
zone 62, as shown in FIG. 3) on the left display 44 are used to
display both scouts simultaneously, with the first scout scan
140 being shown in the top viewport 156 and the second scout
scan 142 being shown in the bottom viewport 158.

When the Scout Series has been scanned and the acquired
image set has been approved, the system automatically opens
the next Series in the Task List 56. Referring to FIG. 11, as an
example, a Chest/ Abd/Pelvis Series 160 is opened, with two
Group sub-steps 162, 164 and a Contrast step 166 included
therein for completion. As shown in FIG. 11, when a Group
sub-step 162, 164 in the Series 162 is open, a settings zone
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168 corresponding to that Group sub-step is displayed. The
settings zone 168 enables reviewing of all settings at a glance
with minimal interaction, so as to allow the actions of tech-
nologists to be directed and goal-driven rather than requiring
them to do a lot of clicking just to double-check that every-
thing is okay. The settings are divided into two areas, includ-
ing a list view 170 of all settings on the left and a configurable
and context relevant visual widget area 172, i.e., a “Quick
Setting” area, on the right. Each of these supports the initial
need to quickly review all settings defined in the Series pro-
tocol. Upon determining that action needs to be taken, the
technologist can engage by either opening a settings collec-
tion from list view 170 or manipulating a widget from Quick
Settings area 172, at which point the design focus shifts to
allowing for clear, meaningful action that visually records the
changes made in both an absolute sense and in relative rela-
tionship to dose. As seen in FIG. 11, the settings zone 168 is
organized in logical collections containing three or more
settings in each, with each collection being separated with a
horizontal line. The settings are always in a set order and
cannot be reorganized, so as to promote consistency and
minimize confusion that could be caused by variable configu-
rations. A “Confirm Settings” button 174 is provided at the
bottom of the settings zone 168 to confirm the settings for a
Group sub-step scan.

As shown in FIG. 11, the all settings list view 170 includes
all settings that are available and relevant for the particular
scan being performed. The nature of certain settings will
dictate which collections and settings are available, with only
applicable collections and settings being visible. Thus, as
shown in FIG. 11, only settings relevant to a Chest/Abd/
Pelvis Series scan are displayed. With respect to the relevant
settings for the particular scan being performed, the setting
are provided as settings collections 176 that are included in
the all setting list 170, with each collection of settings 176
being in a closed state or an open state. As illustrated in FIG.
11, each closed collection 176 consists of a title with a unique
icon to the left that represents the identity of the collection. In
this state, some or all values of the parameters are viewable
beneath the collection title in a single row. These values are
separated by a forward slash, with the values using a different
color. The rationale behind this closed state design (not keep-
ing all the collections open all the time) is that it considerably
minimizes the amount of perceived clutter of the user inter-
face while still keeping all the settings in view, without requir-
ing the technologist to scroll to see them. This gives the
technologist instant visual access to the relevant information,
albeit abbreviated. Although it might initially appear that just
having the values without their respective labels at a glance is
confusing, the consistent organization of the values, i.e., col-
lection the value belongs to, position of the value in the row
(whether it the first one in this collection or the third one) and
the nature of the value (40.0 vs 500 vs 0.35 vs Full), allows for
easy interpretation and familiarity over time.

If more details are required, each collection of settings 176
can be changed from the closed state to the open state by way
of a single click away, so as to expand the closed collection
and reveal the details for all the settings in that collection. An
example of a collection of settings 176 in an open state is
illustrated in FIG. 12, where the Core Settings and mA col-
lections are open. In the open state, the collection title and the
iconremain visible and in the same position as the closed state
and the settings are organized within the “frame” in a two-
column vertical list. The left column 178 provides the titles of
the settings, and the right column 180 contains the values. The
setting value is underlined if it can be altered by the technolo-
gist. If the value is locked, there is no underline and a small



US 9,078,565 B2

11

lockicon signals that the technologist is not able to change the
setting. Even though the setting is locked, it is displayed so
that it can be reviewed. This allows the technologist to
double-check the setting, offering a degree of validation and
confidence to move forward. If the technologist questions the
value, she can contact a lead technologist or radiologist (i.e.,
colleague with authority to approve and/or modify this set-
ting) before initiating the scan.

With respect to the underlined settings that can be altered
by atechnologist, a color coding scheme is applied to identify
setting values that have been changed (either directly or indi-
rectly) and other setting values that might need attention
based on any such changes. For example, if a value is changed
by the technologist, the setting name and its value displays a
white background highlight 182. The white change indicator
allows for quickly discerning which settings have been
altered from the original protocol. This “at a glance” means of
communicating that a value has changed also makes it easier
for collaborating technologists to determine whether a col-
league made a change to the protocol while the other was
performing another task (e.g., stepping away from the con-
sole to help the patient). Additional changes to setting values
made by the system, in response to a user change, will briefly
pulse white three times and also be colored white. A value
changed directly by the technician will have both the white
background 182 and the input method 184 visible, while a
value that was indirectly changed will only have the white
background. The combination of the change indicator and the
“click-to-edit” will reveal which of the changes were made
directly or indirectly by the technologist. If a value has been
changed, and hence has a white highlight, and is then changed
back to its original value defined in the protocol, the white
highlight will disappear. In addition to the highlighting in
white of a setting value that has been changed, changes that
need attention (e.g., a clipped rotation in a modulated mA
scan) will be colored orange and the Confirm Settings button
174 (FIG. 11) will still be active or available. Also, changes
initiated by the user, that are not allowed and result in one or
multiple system settings changes that need user attention, will
be colored orange, with the Confirm Settings button then
being grayed out.

Referring still to FIG. 12, if changing a setting impacts the
predicted dose, the effect on dose (+/-DLP) temporarily
appears in line with the value as a dose impact indicator (DII)
186, giving the technologist instant feedback. If the change is
positive (increase in dose), a plus sign (“+”) precedes the DII
number 186 and the surrounding background is yellow. If the
change is negative (less dose), a minus sign (“~"") precedes the
number and the surrounding background is a more neutral
hue. The DII 186 will remain visible until a change to a
different setting has been made. The number shown is always
relative to the current projected dose, which means that
changing a value such as kV “120” to kV “140”, will not
always result in the same DII value depending on the
sequence of events. For example, imagine the projected dose
is 1000 DLP and the technologist increases kV from “120 to
“140”. The DII 186 will display a change, say “+n %”, and the
impact its change had on the overall projected dose is now
1150 DLP.

Referring back now to FIG. 11, it is seen that the Quick
Settings area 172 contains an assortment of visual settings
widgets 188. These widgets 188 serve as an alternative to
changing settings via the All Settings list 170 and represent
either a single setting or a combination of settings based upon
their design. If a change to a setting’s value is made using a
widget 188 it is reflected in the All Settings list 170 (e.g., such
as the mA change shown in FIG. 12) and vice versa. The
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currently supported quick setting widgets 188 include: kV,
Manual mA, AutomA/SmartmA or modulated mA, and
Biopsy. The Quick Settings Area 172 is designed to be flex-
ible enough to support current and future visual settings wid-
gets. The widgets 188 shown in this area can vary between
different protocols and across tasks within the left display
(scan) task list 56. The lead technologist or radiologist can
determine the preset group of visible widgets 188 appropriate
for each protocol. This preset group can provide guidance as
to what settings are “key” to the specific protocol and are
more likely to need adjusting. The operating technologist can
then choose to show or hide these and additional widgets 188
via the context menu 190 in the upper right corner.

When reviewing or changing settings in settings zone 168,
a Scan Timeline 192 is always visible above the settings zone
ontheleft display 44, as shown in FIG. 11. The Scan Timeline
192 also remains present during the Scan sub-step 130. The
Scan Timeline 192 first appears after the Confirm Settings
button 174 has been selected and prior to starting of the scan.
The critical parameters associated with the scan type about to
be scanned will displayed to the technologist, just beneath the
Scan Timeline 192, supporting a final quality process check
before irradiating x-ray. The Scan Timeline 192 represents all
groups within the currently selected series (e.g., Chest/Abd/
Pelvis) and has a background highlight indicating which par-
ticular group is selected. The Scan Timeline 192 indicates the
overall time required to complete a scan for a particular
Group, as well as the speed at which the scan will occur.
According to an embodiment of the invention, the Scan Time-
line 192 has three different visual treatments depending on
the type of scan being run: Axial, CINE, Helical, Scout, or
SmartPrep Monitor. If a single Series includes Groups with
different scan types, then each respective segment 194, 196 of
the Scan Timeline 192 will visually reflect the appropriate
scantype for that Group. Each Group may have a delay before
beginning the scan, with the delays being represented on the
Scan Timeline 192 in the form of a delay indicator 198 that is
in the form of a blue circle. The size of the delay indicator 198
is always consistent, regardless of the amount of time repre-
sented. Choosing a consistent shape/size for the delay regard-
less of time helps to emphasize the areas of the scan timeline
192 delivering dose. If delays were represented in a linear
fashion, both the delays and the scan segments would have to
be scaled smaller to fit within the viewable area, making it
very difficult or near impossible to effectively view.

As further shown in FIG. 11, when a Group sub-step 162,
164 in the Series 160 is open, a visually prominent, dedicated
dose area zone 200 is displayed beneath the settings zone 168
s0 as to clearly indicate to the technologist the impact of the
exam settings. Within this dose area zone 200, technologists
confirm exam settings and can view a simple dose visualiza-
tion, both of which are designed to help ensure that the tech-
nologists are making informed decisions regarding dose. The
dose area zone 200 includes the “Total Accumulated Dose”
124 value at the bottom of task list zone 56, and displays the
amount of radiation the patient has already received during
the course of the exam. This number increases to reflect every
scan performed on the patient. The total dose amount 124 is
associated with the entire exam versus only a particular Series
or Group. Therefore, it resides below the Task List 56 as a
summary for the entire exam. Also included in the dose area
zone 200 is a “Projected Dose” 202 that displays a projected
summary of the dose for a particular Group. This value is
visible while the technologist is viewing settings for a Group
162, 164 and updates immediately as changes to settings are
being made within the Group.
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As further shown in FIG. 11, a dose range indicator (DRI)
204 is also included in the dose area zone 200 and is a visual
representation of dose that provides the technologist with a
reference point to help base his/her decision for what is an
acceptable dose. It is understood that a varying degree of
radiation is necessary for different body types, in order to
produce images that are high enough in quality for diagnosis.
The DRI illustration 204 helps the technologist perform a
“sanity check” on the dose amount by factoring in these
different body types. The DRI 204 compares historic dose
information with the current projected dose 202 for a specific
protocol (it should be displayed within all Groups for the
protocol, but not in the scan step since multiple Groups might
be scanned, at which point the DRI is no longer useful). The
DRI 204 indicates where the projected dose 202 for the par-
ticular protocol falls within a normal distribution curve, mak-
ing it clear to the technologist how, and to what degree, the
scan deviates from or falls within the average. The goal of the
DRI 204 is to provide the technologist with greater awareness
and control of an acceptable dose amount without having
them rely upon the overall maximum recommended dose
value (which might be much higher than necessary).

According to an exemplary embodiment, a dose check
function is provided by the user interface 42 in the dose area
zone 200. The dose check informs operators when scan set-
tings would likely exceed pre-assigned dose thresholds (i.e.,
thresholds established by the healthcare provider based on
their practice) and when the projected dose 202 for an exam
exceeds the recommended maximum for a particular proto-
col. This allows technicians to confirm correct settings, prior
to scanning, which might otherwise lead to unnecessary high
levels of radiation exposure. The dose check function com-
pares the estimated exposure from current scan settings to two
different thresholds priorto scanning. Notification Values and
Alert Values. The dose check function allows users to set a
Notification Value that informs them when a scan prescription
could deliver an x-ray dose over the Notification Value. The
dose check function also allows users to set Alert Values that
informs users when a scan prescription could deliver an x-ray
dose that could result in deterministic effects. According to
embodiments of the invention, alerts can be provided to the
technician in the dose area zone 200 in some form. In one
embodiment, and as shown in FIG. 13, a highlighted alert
window 206 appears extending up from the dose area zone
200 that warns the technologist that the current dose settings
have exceeded the recommended maximum for this scan.
Confirm and Cancel buttons 208, 210 are presented in the
alert window 206 that allow the technician to affirmatively
confirm the settings or cancel out of the settings. According to
additional embodiments, alerts can be provided to the tech-
nician in the form of the dose area zone 200 changing from
blue to red or a disabling of the “Confirm Settings” button
174, making it very clear that this is a serious situation that
needs to be carefully considered by the technologist.

Upon confirming the settings for the Group sub-step(s) in a
Series, the Scan sub-step of the Series is entered, such as for
the Abdomen Series 208 illustrated in FIG. 14. When per-
forming the Scan sub-step 210 for the Abdomen Series 208,
the entire Series 210 in the Task List 56 visually connects to
ascanning area/zone 212 to the right of the task list zone 56 by
having the same background color thereas. When in the Scan
sub-step 210, a Timeline 214 is presented in scanning zone
212 (i.e., a timeline for each Group in the Series), along with
key settings 216 that can be further reviewed/revisited/
changed, if desired. Also presented while in the Scan sub-step
210 are the Projected Dose 202 in the dose zone area 200 and
viewports 156, 158 for displaying scan images.
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The Scan Timeline 214 is a linear representation of the
scanning segments within a Series and represents the state
and behavior of each scanning segment (Group) along with
additional steps based upon their particular types, including
helical, axial, scout, delay scans, and Smart Prep (i.e., con-
trast), with each type being presented distinctively. Prior to
scanning, all of the segments are represented along the time-
line 214 but are visually “faded”. Once the scanning process
has begun, the Scan Timeline 214 becomes activated and
provides a highlighted graphical progress indicator 218 of the
scan. This highlighted marker 218 moves from left to right
within the timeline 214, representing the particular point in
the scan that is currently executing. As this highlighted
marker 218 continues to move forward, the originally faded
timeline area it passes “fills in” with a richer blue and brighter
white color, for example.

The scan timeline 214 auto-scales in length proportion-
ately to the total scan time, including any prep delays, to fit the
area of the left monitor screen 44 allocated to it. When a
section ofthe timeline 214 is completely filled in (be ita delay
or a scan), the next section of the timeline automatically
begins. If this automatic behavior is not desired, a technolo-
gist can create two separate Series in the Task List 56 instead
of using two Groups. Under the timeline 214, a time (and
speed) indicator 220 is displayed in white communicating
how much time the particular scan will take. This number 220
remains white until the scan begins. Then, once begun, the
number 220 turns yellow and counts down to reflect the
remaining time for this step. The timeline 214 includes subtle
vertical lines marking every second, with a very long scan
therefore having many lines, whereas a shorter scan will only
display a few lines.

As shown in FIG. 14, the key settings 216 for each Group
to be scanned are listed immediately below the Scan Timeline
214, as required by regulations, with the Projected Dose Area
202 located below the key settings 216. The viewports 156,
158 associated with the Scan sub-step 210 are positioned to
the right of the Scan Timeline 214 and the key settings area
216. Two viewports 156, 158 are provided on the left display
44, with the viewports 156, 158 being dedicated to the scan-
ning process. An Auto-Link Viewport 156 on the left display
is responsible for displaying the primary recon or preview
images being acquired in real-time, as each image is recon-
structed. A Navigation Viewport 158 is also provided in
which the user can page through any images in the primary
recon of the scan that is currently being acquired or was just
acquired. Images are added to the Navigation viewport 158 as
soon as they are reconstructed, but the viewport never auto-
matically pages to the new image. Clicking within the Navi-
gation Viewport 158 will cause it to be “selected” and, once
the viewport is selected, the technician can use the “Page Up”
and “Page Down” keys to navigate through the images. The
left display Navigation Viewport 158 will be automatically
selected when a new scan begins, ensuring that the technolo-
gist can immediately navigate through the newly acquired
image set without additional steps.

Prior to scanning, the Auto-Link and Navigation Viewports
156, 158 are populated with images associated with the Scout
scans (i.e., Scout 1 and Scout 2, respectively). White semi-
transparent rectangles on the Scout images mark the area that
is about to be scanned (see FIG. 11). Also prior to scanning,
the Dose Area 200 displays the total projected dose for the
Series (all Groups) that will be administered if the scan button
is pressed. When a Scan/Pause button 218 (appearing as
“Scan” before the scan is initiated) is pressed, key settings
216 associated with a Group step currently being performed
are temporarily highlighted and both viewports appear empty
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(or “blank”) until the first Scan image is available, at which
point the Auto-Link and Navigation Viewports 156, 158 are
populated as the images are acquired, as shown in FIG. 14. In
the Dose Area, the Scan/Pause button 218 is then caused to
appear as “Pause” upon pressing of the scan button. After a
scan has been completed, the images can be approved by the
technologist, thereby causing the Task List 56 to move down
to the next Series (if any) and kick-off the post-processing
items for all Groups in the current Series for which the scan
was just completed.

According to one embodiment of the invention, each of the
AV and Navigation viewports 156, 158 on left display 44 can
be expanded to a larger size, as shown in FIG. 15, by clicking
an “expand” icon (not shown). The expanded viewport 220
appears on the same display as it’s normal state, with the
image presentation and the viewport remaining in the exact
same state in the expanded size as in the normal size. The
expanded viewport layout 220 contains a sidebar 222 with
additional tools that allow the technologist to perform func-
tions such as manipulating and annotating the image. The
tools in sidebar 222 are organized in collections that can be
opened or closed.

Referring now to FIG. 16, and with respect to the post-
processing tasks initiated after completion of a scan, the CT
user interface 42 utilizes the entire right display 46 for post-
processing, creating the possibility for parallel workflows
that avoid traditional bottlenecks. As shown in FIG. 16, a
Post-Processing Panel or Zone 64 is provided on the right
display 46 into which all post-processing tasks are consoli-
dated, so as to provide the technologist with a quick overview
of what post-processing is required for a protocol/exam and
allow the technologist to manage all post-processing activi-
ties in one place, including: setup, monitoring, and transfer-
ring. Additional post-processing tasks during the scan pro-
cess by way of the post-processing zone 64, including Recons
and manual and automatic Reformats, with a technologist
being able to choose to set up these tasks directly before
scanning a series, set up all post-processing before doing any
scans, or scan the patient first and then set up the post-pro-
cessing.

Used in conjunction with the post-processing panel/zone
64 are viewports on the right display 46 are shown that are
used in post-processing. As shown in FIG. 14, four viewports
224,226, 228, 230 on the right display 46 are shown that are
used in post-processing, including an Auto-Link Viewport
224 for displaying images that are rendered during the post-
processing process and three Navigation Viewports 226, 228,
230 that allow the technologist to load and navigate through
any finished Recon/Reformat image set from the post-pro-
cessing list 64. The viewports 224, 226, 228, 230 on the right
display 46 are spatially oriented and placed in context to what
function they are serving.

According to an exemplary embodiment of the invention,
any image set from a right display Navigation Viewport 224
can be loaded into a Floating Viewport (not shown). There is
only one Floating Viewport displayed at a time, so loading
additional image sets will add them to the Floating Viewport
rather than create a new one. Image sets in the left head
Navigation Viewport 156 (FIG. 14) cannot be loaded into a
Floating Viewport because they have not yet been approved.
The Floating Viewport is at a layer within the user interface
that is higher than the tabs 94 in the tab zone 52 (FIG. 5) and
is therefore not constrained to any particular tab and can be
used to compare images across patients and exams. The Float-
ing Viewport is thus designed to be moved and resized any-
where within the display area. However, as the Floating View-
port covers/obscures all other elements within the user
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interface 42, the Floating Viewport is constrained to the right
display 46 only to prevent obscuring settings and other criti-
cal scan information on the left display 44.

With respect to the processing and image display associ-
ated with post-processing, the Post-Processing Zone 64 on
the right display 46 includes a Post-Processing Task List 231
forming a left column of the Post-Processing Zone 64 and a
display tools area 232 forming a right column of the Post-
Processing Zone 64, with a content of the display tools area
232 varying based on an operator’s use of the of the Post-
Processing Zone 64 and possibly displaying basic viewer
tools 233 (as shown in FIG. 16, an Edit Settings Panel 234
(FIG. 17A), a DPMR application 235 (FIG. 17B), or an AW
application 236 (FIG. 17C).

The Post-Processing Task List 231 allows a technologist to
define transfer hosts for individual Recons and Reformats,
AW advanced applications, as well as monitor both the cre-
ation and transfer of those image sets. As shown in FIG. 16,
the task list 231 lists the Series 237 that are similarly defined
in the Task List Zone 56 of the left display 44 (FIG. 8), and are
named accordingly. Under each Post Processing scan series
237 are the Recons 238, Reformats 239, and AW task bars 240
that can be prescribed via protocol or before or after an exam.
To the right of each series title is a context menu 241 that
allows the technologist to create a new Recon at any time.
According to embodiments of the invention, the context menu
241 may provide for Recon of the entire anatomy scanned
within the scan series, Recon of a particular scan group within
the scan series, or Recon of a unique area within all anatomy
areas scanned.

In an exemplary embodiment, each Recon and Reformat
task bar 238, 239 serves as both a process status indicator for
the image set it is responsible for as well as a means to toggle
the visibility of its settings. To edit a Recon, the technologist
can click on a particular Recon task bar 238 and it will open
the Edit Settings Panel 234 (FIG. 17A) in the display tools
area 232 to the right of task list 231 to allow the technologist
to make changes to the settings. For example, Recon Settings,
Anatomy Selection, Cardiac (if applicable/available), Output
Options, and Transfer Options, may all be edited in the edit
settings panel 234. Each Recon task bar 238 also includes a
drop down context menu 242 that allows the technologist to
duplicate the current recon to create a new one, create a new
Reformat based upon the Recon image data, and/or send the
Recon image data to a specific AW tool to create a Reformat
or perform any other relevant AW task. Similarly, to edit a
Reformat, the technologist can click on a particular Reformat
task bar 239 and it will open the DPMR application 235 (FIG.
17B) in display tools area 232, with the DPMR application
providing for viewing of all reformats, editing the name of the
reformat or any settings of any reformat, and editing transfer
settings. The user can thus manually edit the Reformat as
desired via the DPMR application 235.

To communicate the processing status of a Recon/Refor-
mat, the status bars 238, 239, 240 are color coded to indicate
the processing status. For example, the status bars 238, 239,
240 may be color coded such that White (solid) indicates that
Processing has not started, Gray with diagonal hash marks
indicates Current processing, Gray (solid) indicates com-
pleted processing, Orange hash marks (still) indicate that the
MPR is ready to be defined (i.e., as soon as the Recon is done,
the MPRs can be defined and started), and Gray with diagonal
hash marks indicate that an MPR has been defined but has not
yet started (still hash marks) and/or that the MPR has reached
the top of the processing queue and that processing has begun
(hash marks moving).
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Also included in the post-processing task list 231 is a
plurality of icons that provides more information on a specific
Recon, Reformat, or AW task bar 238, 239, 240. One such
icon is included in front of the control for each Reformat or
AW task 239, 240, where there is an indicator 243 of the task
type. These indicator icons 243 can communicate that the
Reformat that has been defined, that the Reformat does not
have a protocol and therefore requires the user to define its
settings manually, or if a task is an AW task. To the far right of
each Recon, Reformat, or AW task bar 238, 239, 240 is the
series number 244 that will be or has been assigned to that
image series. For multi-group acquisitions, an anatomy label
245 to the right of the Recon bar 238 indicates the part of the
scanned anatomy the Recon is covering, such as an “ALL”
label if the Recon start and end points correspond exactly with
the entire scan acquisition or a “G1” label if the Recon start
and end points correspond exactly with a single scan group. A
viewport icon 246 is selectively displayed to the right of the
anatomy label 245 as soon as any image exists for an image
series, with the viewport icon indicating which viewport each
image series is displayed in.

Referring again to FIG. 16, also included on right display is
a status area zone 66 designed to communicate and enable
several system states and functions of the CT scanner and
console. It also allows for switching between separate Scan-
ning, Protocol Management, and Service modes. All infor-
mation within the status area zone 66 is exam independent,
which is why it is separated spatially from the post-process-
ing task bar 231 of Post-Processing Zone 64. As shown in
FIG. 16, the status area zone 66 is located within the topmost
bar of the right display 46. Icons 250 found in the status area
zone 66 are designed using neutral shades of color for normal
or expected operational conditions so as not to be intrusive.
Color and additional text is reserved for when a technologist
needs to take action. Drop-down menus are presented after
clicking any icon, which allows for various actions to be
taken. The Mode icon 252 is the first icon starting at the
left-hand position within the status area. To change modes, a
technologist can click the icon and a different mode can be
selected from the drop-down menu, selecting from a scanning
mode, protocol management mode, or service mode. This
icon will change to reflect the current mode selected. The tube
icon 254 provides information (e.g., tube temperature infor-
mation) and functions in response to the current state of the
scanner x-ray tube and is the second icon from the left. The
available disk space icon 256 communicates the amount of
available disk space on the system, with different warning
levels being set by the lead technologist.

Referring now to FIG. 18, the file manager zone 68
included on the right display 46 is shown in an opened state.
The file manager zone 68 is one of two “drawers” (the other is
the Scheduler Zone 50) within the user interface 42 that are
consistently present in either a closed or open state. The file
manager zone 68 is located on and anchored to the right side
of' the right display 46. Because the file manager zone 68 is a
feature associated with the console as a whole, and not a
particular exam, it exists on a higher layer than any tabs that
might be open. The rationale for this design is that it allows a
technologist to access the file manager zone 68 at any point,
quickly handling unexpected situations or pulling up past
scans. Tasks enabled by the file manager zone 68 generally
include setting up future and/or final steps in any workflow,
thus it is found on the right side of the right display 46 in order
to reinforce the left-to-right workflow concept embodied by
the user interface 42 architecture.

The file manager zone 68 serves several main functions
including: exam organization and status, access to files, open-
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ing an exam, quick viewing, and quick networking. On the
left side of the open file manager zone 68 is the exam list 260,
containing all current and previous exams that are still stored
on the console. At least one of these exams is always selected
(by default the latest exam). There are three sortable columns
of information: Name, Exam, and Date. An exam appears in
the exam list 260 once the first image is captured from the first
step in the Task List 56 (FI1G. 8). At the bottom of the list 260
is a search box 262 that can be used to find specific exams
based upon keywords. There are also two icon columns that
are used to inform the technologist about the state of the
exam: Exam Status 264 and Data Status 266. There are three
different types of icons that will appear within the Exam
Status column 264 when applicable, including: Patient on
Table, displays an icon of a person to the left of the patient
name if the exam is open and that patient is currently on the
table; Open Tab, displays a tab/folder icon to the left of the
patient name if the exam tab is currently open, but the patient
is not on the table; and Post-Processing Not Finished, dis-
plays an empty, dotted outline of a cube to the left of the
patient name if the exam tab is not currently open and post-
processing for the exam is not 100% complete (automatic or
manual).

Selecting an exam from the Exam List 264 will open it in
the Selected Exam area 268 on the right side of the File
Manager zone 68. A Final Dose Report, List of Recons and
Reformats, and all images associated with the exam are then
available to be previewed. The Full Dose Report provides a
complete summary of the dosage from the exam (similar to
the dose report used in the traditional GE CT UI) and appears
as the first list item in the Selected Exam area. The list of
Recons and Reformats associated with the selected exam are
organized in a similar manner to how they are structured
within the Post-Processing Area. Each Recon in the list
includes a Recon icon, the name of the Recon filter, the slice
thickness and the total number of images. Slightly indented
below a Recon are the associated Reformats. Each Reformat
includes the type (e.g., “DMPR” or “Manual Reformat™) and
thickness, as well as the total number of images. Upon select-
ing any of the Recons or Reformats they will be previewed in
the Image Preview viewport 270 located in the lower right
side of the file manager zone 68.

The “Open Exam” button 272 found within the Selected
Exam area 268 allows a technologist to reopen an exam tab
94, which will return that tab to the exact same state as when
it was closed. Therefore, if an exam was aborted prior to
completing post-processing, it can be reopened and a tech-
nologist can continue from where they left off. Additionally,
a technologist or radiologist can review all of the steps, set-
tings, and post-processing actions that were taken during the
exam for quality assurance, research, or training purposes.

By way of the post-processing zone, status area zone, and
file manager zone, the right display 46 thus provides a tech-
nologist with an organized and efficient mechanism for han-
dling all post-processing tasks. By utilizing the entire right
display for post-processing, the possibility for parallel work-
flows is created that avoid traditional bottlenecks. Addition-
ally, by consolidating all the post-processing tasks into one
area, this provides the technologist with a quick overview of
what post-processing is required for a protocol/exam, with a
technologist being able to manage all post-processing activi-
ties in one place, including: setup, monitoring, and transfer-
ring.

In addition to the above features found on user interface 42
set forth above, and the corresponding benefits provided by
such features, it is recognized that the user interface is con-
figured a flexible, extensible user interface that can be adapted
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to meet specific needs of a technologist. Set forth below are
two examples of' the ability of the user interface 42 to provide/
meet the unique functionality or needs associated with par-
ticular scanning protocols.

Referring to FIG. 19, as a first example, presentations
provided by the left display for a contrast scan are provided.
Itis recognized that the standard of care for contrast enhanced
CT studies is manual “Timing bolus™ or a semi-automatic/
dynamic contrast enhancement technique called “Smart-
Prep”. Smart Prep and Timing bolus are two ways of deter-
mining the initial delay for a scan when using a contrast agent
and, in essence, are tools for acquiring images to use for
calculation instead of diagnosis. When performing a contrast
scan, a Contrast sub-step 274 is added to a Series step in the
Task List 56, regardless of whether it involves Smart Prep or
Timing Bolus. If the Contrast sub-step 274 is not configured
as part of the protocol, it can be added to any Series step via
the context menu 276 in the upper right corner of the Task List
56.

A Contrast sub-step 274 works very much like any other
sub-step, in that it can be viewed (selected) and confirmed at
any time on left display 44. However, as shownin FI1G. 19, the
layout of a contrast zone 278 associated with the Contrast
sub-step 274 is different from the layout for other Group
sub-steps. That is, contrast zone 278 features a Double-Size
Viewport 280 and a single, narrower, settings panel 282 on the
left. This panel 282 includes a Scan Timeline 284 at the top,
settings and tools 286, and a Dose Area 288 at the bottom. The
specific content of the panel 282 is dictated by the value of the
Type setting 290 within the Contrast Collection, i.e., “Smart
Prep”, “Timing Bolus™, or “Unaided”—with FIG. 19 illus-
trating a Timing Bolus presentation, as an example. In use, an
image acquisition from a contrast scan results in an initial
axial image that is needed to place the ROI being loaded into
the viewport 280. After an image has been acquired, a small
thumbnail image 292 of the previously acquired Scout
appears to the left of the “Acquire Image” button 294. This
thumbnail 292 allows a technologist to toggle between the
Scout and Contrast images. Once an image is acquired and
visible in the viewport 280, ROI Placement tools 296 are
enabled and can be used to specity the ROI. The settings listed
in the collections will change to reflect the settings used when
acquiring the image being viewed. The location in which the
technologist places the ROI, and the settings associated with
that image acquisition, will be used during the monitor phase
in the Scan step when acquiring additional images.

Referring now to FIGS. 20 and 21, as a second example,
presentations provided by the left and right displays 44, 46 for
a cardiac scan are provided. Performing a cardiac scan
requires additional cardiac-specific user interface compo-
nents and settings to be available to a technologist. As shown
in FIG. 20, on the left display 44, these components/settings
are provided in a cardiac zone 300 and include the ECG
Monitor 302, Gating & Monitoring Collection 304, and indi-
vidual settings within existing collections such as Cardiac
Mode 306 within the Scan Type Collection 308. The ECG
Monitor 203 appears at the top of the main area above the
timeline 310 for use in cardiac scans. Above the R-to-R Inter-
val value 312, a small heart icon 314 flashes to reflect the
patient heartbeat (BPM). A small white dot 316 above each
peak marks each R-to-R Interval visually on the ECG trace
302. The user interface architecture can also support potential
cardiac-related widgets 318 in the Quick Settings area 320, to
be added as necessary. As shown in FIG. 21, with respect to
the right display, a Gating & Monitoring Collection 322 is
added to the Recon Settings for cardiac scan types within the
post-processing panel 236.
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The availability of Contrast and Cardiac-specific compo-
nents and settings is a strong example of how the user inter-
face has been designed to have a flexible architecture. While
these two specific examples of particular scanning protocols
have been set forth above with respect to the flexibility/
extensibility of the user interface 42 to provide/meet the
unique functionality or needs associated with such protocols,
it is recognized that additional components and settings can
be added to the user interface to meet any type of scan types
that may be developed going forward to meet the specific
requirements of such protocols. In meeting the requirements
of those protocols, the architecture of the user interface is
such that the interface will maintain consistent patterns of
behavior, while adapting to specific needs and reducing clut-
ter when a component or setting is irrelevant.

Beneficially, embodiments of the invention thus provide a
dual display CT user interface that offers technologists the
confidence and functionality to complete scans more effi-
ciently and to do so while improving quality assurance and
better protecting patient health. The user interface design
facilitates multitasking by breaking the trade-off between the
number of parallel tasks performed and the likelihood of error
and also facilitates improved radiation decision making by
offering better visibility into dose and image quality trade-
offs. The user interface design also provides radiologists with
remote oversight capability and offer technologists flexibility
to reduce process steps, including shortcut customization in
places. The user interface design reduces the post-processing
burden for technologists by automating tasks previously
requiring manual attention and provides a framework to sup-
port an open protocol ecosystem that allows hospitals to share
protocols and workflow best practices.

The dual display CT user interface also beneficially pro-
vides a workflow design framework that supports the steps/
activities performed by the technologist associated with one
or more scans. The left display is responsible for scanning—
including setting up a new patient to scan and acquiring and
verifying the scan image data—while the right display is
responsible for post-processing—serving as a dashboard of
Recons and Reformats that the technologist can glance
through and verify what processes are configured, started,
need attention, completed, or have been transferred. By orga-
nizing workflow activities within logical groupings on the left
and right displays, technologists are able to focus on a par-
ticular task and multitasking constraints are alleviated. Clear,
distinct identities for the displays containing the architecture
are developed and incorporated into the user interface. As it is
recognized that the scanning step demands the most focused
attention from the technologist, the user interface displays are
structured/laid-out to support this focused attention, provid-
ing only the necessary tools and views that the technologist
needs in order to perform specific activities. That is, the user
interface displays to a technician only those tools/settings that
are required to perform a specific case, with a simple example
being in cardiac CT, where context sensitive Cardiac user
interface components are only provided during the Cardiac
exam, and other, unnecessary general user interface elements
retreat to the background so as to simplify the user interface.

Therefore, according to one embodiment of the invention,
a user interface for a CT imaging system includes a first
display configured to enable an operator to perform set-up
and scanning tasks associated with performing a CT exam on
one or more patients, with the set-up and scanning tasks
including acquiring and verifying scan image data. The user
interface also includes a second display configured to enable
the operator to perform image post-processing tasks associ-
ated with the CT exams on the one or more patients, with the
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image post-processing tasks including performing image
reconstructions and reformats. Each of the first display and
the second display are operable independent from one
another to provide for parallel workflows between the first
display and second display and between the patient set-up and
scanning tasks and the post-processing tasks.

According to another embodiment of the invention, a user
interface for a CT imaging system includes a first display
configured to enable an operator to perform set-up and scan-
ning tasks associated with performing a CT exam on one or
more patients and a second display configured to enable the
operator to perform image post-processing tasks associated
with the CT exams on the one or more patients. Each of the
first display and the second display are configured to display
aplurality of distinct display zones thereon, with the plurality
of display zones including a tabs zone on the first display
comprising a plurality of tabs each directed to a distinct
subject, wherein selection of one of the plurality oftabs by the
operator causes subject specific and scan specific information
to be displayed on the first and second displays. The plurality
of display zones also includes a task list zone on the first
display that is configured to display all steps in a CT scan for
a subject selected via a tab in the tabs zone and enable opera-
tor selection of a particular step, settings and scanning zones
on the first display that are configured to display the subject
specific and scan specific information for a respective subject
whose tab is selected and a respective step selected in the task
list zone, and a post-processing zone on the second display
that is configured to enable the operator to manage post-
processing set-up, monitoring, and transferring tasks fora CT
scan thathas been performed. The plurality of distinct display
zones on the first and second displays enable the operator to
perform workflows on multiple subjects and enable simulta-
neous usage of the first display and the second display by
multiple operators.

According to yet another embodiment of the invention, a
CT imaging system includes a rotatable gantry having a gan-
try opening to receive a subject to be scanned, a high fre-
quency electromagnetic energy projection source configured
to project a high frequency electromagnetic energy beam
toward the subject, a detector array configured to detect high
frequency electromagnetic energy passing through the sub-
ject and generate a detector output responsive thereto, a data
acquisition system (DAS) connected to the detector array and
configured to receive the detector output, and an image recon-
structor connected to the DAS and configured to reconstruct
one or more images of the subject from the detector output
received by the DAS. The CT imaging system also includes a
user interface configured to be usable by an operator to set
scan related parameters and perform scan related tasks and
observe the one or more reconstructed images generated by
the image reconstructor, with the user interface further
including a first display configured to enable the operator to
perform set-up and scanning tasks for one or more patients
including acquiring and verifying scan image data and a
second display configured to enable the operator to perform
image post-processing tasks including reconstructions and
reformats. Each of the first display and the second display are
configured to display a plurality of distinct display zones
thereon, with each of the plurality of display zones being
dedicated to a specified task associated with a CT scanning
process of the subjects.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
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is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not difter from the literal language
of'the claims, or if they include equivalent structural elements
with insubstantial differences from the literal languages of
the claims.
What is claimed is:
1. A user interface for a computed tomography (CT) imag-
ing system, the user interface comprising:
a first display configured to enable an operator to perform
set-up and scanning tasks associated with performing a
CT exam on one or more patients, the set-up and scan-
ning tasks including acquiring and verifying scan image
data; and
a second display configured to enable the operator to per-
form image post-processing tasks associated with the
CT exams on the one or more patients, the image post-
processing tasks including performing image recon-
structions and reformats;
wherein each of the first display and the second display are
configured to display a plurality of distinct display zones
thereon, with the first display including an exam set-up
and protocol selection zone configured to enable the
operator to select a scan protocol from a protocol list
area for performing a CT scan on a desired patient; and

wherein each of the first display and the second display are
operable independent from one another to provide for
parallel workflows between the first display and second
display and between the patient set-up and scanning
tasks and the post-processing tasks.

2. The user interface of claim 1 wherein the plurality of
display zones comprises a tabs zone on the first display that
includes a plurality of tabs each directed to a distinct patient,
wherein each of the plurality of tabs is configured to be
selectable by the operator to cause patient specific and scan
specific information for a respective patient to be displayed
on the first and second displays, and so as to allow for the
operator to switch between exam activities related to the
patients.

3. The user interface of claim 2 wherein each of the plural-
ity of tabs is configured to indicate a status of an exam for its
respective patient, wherein the status comprises one of: not
yet scanned, ready to be scanned, and done scanning.

4. The user interface of claim 2 wherein the status further
comprises one of: no processing, processing occurring, and
done processing.

5. The user interface of claim 2 wherein the plurality of
display zones comprises a settings zone on the first display
that is configured to display the patient specific and scan
specific information for a respective patient whose tab is
selected, the patient specific and scan specific information
including a plurality of scan settings therein.

6. The user interface of claim 5 wherein the settings zone is
configured to highlight scan settings that have been altered
from an original protocol setting value, so as to distinguish the
altered scan settings from unaltered scan settings.

7. The user interface of claim 2 wherein the plurality of
display zones comprises a post-processing zone on the sec-
ond display that is configured to enable the operator to man-
age post-processing set-up, monitoring, and transferring
tasks.

8. The user interface of claim 7 wherein the plurality of
display zones comprises a file manager zone on the second
display that is configured to display a list of all current patient
exams and any stored prior patient exams, the file manager
zone enabling operator selection of a desired patient exam.
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9. The user interface of claim 7 wherein the post-process-
ing zone is configured to display post-processing parameters
and processing status for a patient selected via either the tabs
zone or the file manager zone.

10. The user interface of claim 2 wherein the plurality of
display zones comprises a task list zone on the first display
configured to display all steps of a CT exam for a patient
selected via a tab in the tabs zone, so as to allow the operator
to prepare, plan, and optimize the exam.

11. A user interface for a computed tomography (CT)
imaging system, the user interface comprising:

a first display configured to enable an operator to perform

set-up and scanning tasks associated with performing a

CT exam on one or more patients; and

a second display configured to enable the operator to per-

form image post-processing tasks associated with the

CT exams on the one or more patients;

wherein each of the first display and the second display are

configured to display a plurality of distinct display zones

thereon, the plurality of display zones comprising:

a tabs zone on the first display comprising a plurality of
tabs each directed to a distinct subject, wherein selec-
tion of one of the plurality of tabs by the operator
causes subject specific and scan specific information
to be displayed on the first and second displays;

a task list zone on the first display that is configured to
display all steps in a scan protocol selected from a
protocol list area for performing a CT scan on a sub-
ject selected via a tab in the tabs zone and enable
operator selection of a particular step;

settings and scanning zones on the first display that are
configured to display the subject specific and scan
specific information for a respective subject whose
tab is selected and a respective step selected in the task
list zone; and

a post-processing zone on the second display that is
configured to enable the operator to manage post-
processing set-up, monitoring, and transferring tasks
for a CT scan that has been performed;

wherein the plurality of distinct display zones on the first
and second displays enable the operator to perform
workflows on multiple subjects and enable simulta-
neous usage of the first display and the second display
by multiple operators.

12. The user interface of claim 11 wherein each of the
plurality of tabs is configured to indicate a status of an exam
for its respective patient, and further indicate a status of any
ongoing processing associated with the exam for the respec-
tive patient.

13. The user interface of claim 11 wherein the settings and
scanning zones are configured to:

enable the operator to set values for a plurality of scan

parameters associated with a CT scan to be performed

on a respective subject; and

highlight scan parameters that have been altered from an

original protocol parameter value, so as to distinguish

the altered scan parameters from unaltered scan param-
eters.

14. The user interface of claim 11 wherein the plurality of
display zones comprises a file manager zone on the second
display that is configured to display a list of all current patient
exams and any stored prior patient exams, the file manager
zone enabling operator selection of a desired patient exam.

15. The user interface of claim 14 wherein the post-pro-
cessing zone is configured to display post-processing param-
eters and processing status for a patient selected via either the
tabs zone or the file manager zone, the post-processing
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parameters and processing status being associated with image
reconstructions and image reformats.

16. A computed tomography (CT) imaging system com-
prising:

a rotatable gantry having a gantry opening to receive a

subject to be scanned;

ahigh frequency electromagnetic energy projection source
configured to project a high frequency electromagnetic
energy beam toward the subject;

a detector array configured to detect high frequency elec-
tromagnetic energy passing through the subject and gen-
erate a detector output responsive thereto;

a data acquisition system (DAS) connected to the detector
array and configured to receive the detector output;

an image reconstructor connected to the DAS and config-
ured to reconstruct one or more images of the subject
from the detector output received by the DAS; and

auser interface configured to be usable by an operator to set
scan related parameters and perform scan related tasks
and observe the one or more reconstructed images gen-
erated by the image reconstructor;

wherein the user interface comprises:

a first display configured to enable the operator to per-
form set-up and scanning tasks for one or more
patients including acquiring and verifying scan image
data; and

a second display configured to enable the operator to
perform image post-processing tasks including
reconstructions and reformats;

wherein each of the first display and the second display
are configured to display a plurality of distinct display
zones thereon, with each of the plurality of display
zones being dedicated to a specified task associated
with a CT scanning process of the subjects: and

wherein the plurality of distinct display zones includes
an exam set-up and protocol selection zone on the first
display configured to enable the operator to select a
scan protocol from a protocol list area for performing
a CT scan on a desired patient.

17. The CT imaging system of claim 16 wherein the plu-
rality of display zones comprises a tabs zone on the first
display that includes a plurality of tabs each directed to a
distinct subject, wherein each of the plurality of tabs is con-
figured to be selectable by the operator to cause subject spe-
cific and scan specific information for a respective subject to
be displayed on the first and second displays, and so as to
allow for the operator to switch between exam activities
related to the subjects.

18. The CT imaging system of claim 16 wherein the plu-
rality of display zones comprises a settings zone on the first
display that is configured to display the subject specific and
scan specific information for a respective subject whose tab is
selected, the subject specific and scan specific information
including a plurality of scan settings therein for the selected
scan protocol, the settings zone is configured to highlight scan
settings that have been altered from an original protocol set-
ting value, so as to distinguish the altered scan settings unal-
tered scan settings.

19. The CT imaging system of claim 16 wherein the plu-
rality of display zones comprises:

a post-processing zone on the second display that is con-
figured to enable the operator to manage post-processing
set-up, monitoring, and transferring tasks; and

afile manager zone on the second display that is configured
to display a list of all current subject exams and any
stored prior subject exams;
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wherein the post-processing zone is configured to display
post-processing parameters and processing status for a
subject selected via either the tabs zone or the file man-
ager zone.
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